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between a mobile device and a network application are pro-
vided. A mobile device transmits a request for data change
information that includes a time out interval. The network
application receives the request and measures a time elapsed
since the receipt of the data change request. The network
application transmits notification to the mobile device client
that the time out interval has elapsed or a network specified
time out occurs. As notifications are received or a network
time out 1s detected, the mobile client device tunes the time
out interval for subsequent data change requests.

20 Claims, 12 Drawing Sheets

208

NETWORK > 208
206

208




(LYV YOI¥d) .H.% ﬁw

US 7,809,357 B2

0L

701

Q0
—
b |

91

Sheet 1 of 12

Oct. 5, 2010
)
=

dOLVIIdO
JITHOW

MAAIAOU |
IDIA YIS

801

0L

A TITHOW N

dOLVAIdO

bOL

Ao

001

U.S. Patent



US 7,809,357 B2

Sheet 2 of 12

Oct. 5, 2010

U.S. Patent

7ot

{114

JH0C MOIVIAdO

dJ1HHOW

dOLVIIAdO
TITdON

s

4114

00¢



US 7,809,357 B2

NOOTD
L0 AWILL NIDAH ANV

INAITD ¥ALSIDAY (€)

90¢

Sheet 3 of 12

c0c

Oct. 5, 2010

TVANAINI INO TVANAINI LNO
TWILL ANV LISTNOTYH AWIL ANV LSAN0OTYH
NOILVIISIDTY (7) NOILVYISIDAY (1)

U.S. Patent



US 7,809,357 B2

Sheet 4 of 12

Oct. 5, 2010

U.S. Patent

YO01)D
INO AWILL NIDAT ANV
INAITD YALSIOAY (€)

lllllllllll
L L]
- -
] L]
]

'qge o1

AONVHD VIVA
A0 NOILVIIAILON (.S)

VIV 304 LSAN0TY (8)

AONVHD VIVd
A0 NOILVIOIALLON (9)

c0¢



US 7,809,357 B2

Sheet Sof 12

Oct. 5, 2010

U.S. Patent

AO0TD

L0 AWIL NIDAF ANV
INAITD ¥TISIDAY (01)

D€ 51

NOILVIIALLON
NOILVYIdXH

dJTOHSAYHI
L0 AWIL (::S)

TVANTINI LNO AWIL
adALvadn aNy ISAN0TY
NOILVYISIOAY (..6)

NOILLVIIALLON
NOILVYIdXA

dTOHSANHI
LN10 ANWIL (:s9)

TVANAINI L0 ANWIL
adaLvadn anv ISAn0Ty
NOILVYISIDAY (::8)



ag st

US 7,809,357 B2

TVANAINI LNO AWIL
ALVAd

~ ANV NOILLVIIdXT

- TVAYAINI 110 ANWIL

o ¥O01) (cccS)

3 LN0 AWIL NIDAG ANV 90¢

72 INAITD ¥ALSIOAY (:¢c8) 0¢

- y

m :

gl

3 e N AR

5

S

TVAYTINI L0 AWIL TVANAINI LNO ANWIL
AIIVdd ANV ISTROTY dALYaAdn ANV IST10TY
NOILVYISIOAY (i) NOILVILISIOTY (.9

U.S. Patent



U.S. Patent Oct. 5, 2010 Sheet 7 of 12 US 7.809,357 B2

400
START DATA CHANGE REQUEST
PROCESSING ROUTINE

402 TRANSMIT REGISTRATION REQUEST
AND TIME OUT INTERVAL

404
BEGIN TIME OUT INTERVAL CLOCK
g 408

YES |TRANSMIT DATA
REQUEST

406

OBTAIN
DATA CHANGLE

NOTIFICATION
?

NO OBTAIN

REQUESTED DATA

410

OBTAIN

412

TIME OUT TUNE TIME OUT
INTERVAL YES INTERVAL
NOTIFICATION (FIG. 5A)

7

416
NO

414 YES

418

| NO
RETRY
Fi g 4 COMMUNICATION




U.S. Patent Oct. 5, 2010 Sheet 8 of 12 US 7.809,357 B2

START TIME OUT INTERVAL 500
TUNING SUB-ROUTINE

OBTAIN RESULT OF LATEST
COMMUNICATION REQUEST

502

[ 506

PROCESS SUCCESSFUL
YES REQUEST TUNING SUB-
ROUTINE

(FIG. 5B)

504

NO

o058 PROCESS NETWORK TIMEOUT |

TUNING SUB-ROUTINE

(FIG. 5D)

510 \ 4
RETURN

Fi1g.5A.



U.S. Patent Oct. 5, 2010 Sheet 9 of 12

START PROCESS SUCCESSFUL 520
REQUEST TUNING SUB-ROUTINE

TIME OUT

INTERVAL
PREVIOUSLY
INCREASED

522

524 TIME OUT

INTERVAL AT
MINIMUM

NO

526

SUCCESSFUL
SERIES OF

RESULTS
?

NO

530

US 7,809,357 B2

YES INCREMENT TIME

OUT INTERVAL

228



U.S. Patent

START PROCESS SUCCESSFUL
REQUEST TUNING SUB-ROUTINE

Oct. 5, 2010

TIME OUT

INTERVAL
PREVIOUSLY
INCREASED

542
YES

NO

546

TIME OUT
INTERVAL AT
MINIMUM

YES

NO

550 SUCCESSFUL

SERIES OF YES

Sheet 10 of 12

RESULTS
?

NO

( RETURN ’

554

Fi1g.5C.

540

o44

~

INCREMENT TIME OUT
INTERVAL WITH

PREVIOUS INCREMENT

548

INCREMENT TIME OUT
INTERVAL WITH FIRST

INCREMENT

552

INCREMENT TIME OUT
INTERVAL WITH

SECOND INCREMENT

US 7,809,357 B2



U.S. Patent Oct. 5, 2010 Sheet 11 of 12 US 7.809.357 B2

START PROCESS NETWORK TIMEOUT 560
TUNING SUB-ROUTINE

564

562 TIME OUT
INTERVAL
PREVIOUSLY

INCREMENTED?

SET TIME OUT INTERVAL

TO MINIMUM VALUE

566
RETURN TIME OUT INTERVAL

TO PREVIOUS VALUE

568

F1g.5D.



U.S. Patent Oct. 5, 2010 Sheet 12 of 12 US 7.809.357 B2

600 START CLIENT DATA REQUEST
PROCESSING ROUTINE

OBTAIN REGISTRATION REQUEST AND 602
TIME OUT INTERVAL

F—

REGISTER CLIENT FOR DATA CHANGL
NOTIFICATIONS

604

BEGIN TIME OUT INTERVAL CLOCK 606

f 610

OBTAIN VE TRANSMIT DATA
DATA CHANGE CHANGE
608 NOTIFICATION NOTIFICATION
.
614 612
NO

EXPIRED

TRANSMIT TIME OUT
INTERVAL NOTIFICATION

618 Flg 6.

616



US 7,809,357 B2

1

SYSTEM AND METHOD FOR OPTIMIZING
NETWORK COMMUNICATION IN
RESPONSE TO NETWORK CONDITIONS

FIELD OF THE INVENTION

In general, the present invention relates to mobile devices,

computer software and communication devices, and in par-
ticular, to a system and method for optimizing network com-
munication in response to network conditions.

BACKGROUND OF THE INVENTION

Generally described, mobile devices, such as mobile tele-
phones and hand-held devices, utilize communication net-
works to exchange data with other mobile devices and/or
computer devices. In a typical embodiment, a mobile device
can utilize a wireless communication network, and various
network protocols, to transmit and recerve data. In such an
embodiment, a mobile device can maintain continuous, or
semi-continuous, wireless connections to allow a user with a
mobile device to recerve and transmit electronic mail. As the
computing device processing resources and wireless network
communication bandwidth continue to increase, the use of
wireless enabled mobile devices to receive/transmit elec-
tronic mail has substantially increased.

FIG. 1 15 a block diagram 1llustrative of a system 100 for
facilitating the transmission of electronic mail data to a
mobile device via a cellular communication network. The
system 100 1s generally referred to as a “push” data model, 1n
which data, such as electronic mail messages, 1s transmitted
to a client as the data 1s received. With reference to FIG. 1, the
system 100 includes a plurality of clients 102, such as mobile
telephones, hand-held devices, etc., that include some form of
wireless (e.g., cellular) transmission capability. As illustrated
in FIG. 1, each of the mobile devices 102 1s 1n wireless
communication with one of several mobile device operators
104. Generally described, a mobile device operator 104 1s a
service provider that maintains radio frequency-based com-
munication with any number of mobile devices 102. The
wireless communication between the mobile devices 102 and
the mobile device operator 104, such as via a cellular com-
munication network, 1s well known and will not be described
in greater detail.

With continued reference to FIG. 1, each mobile device
operator 104 1s also 1n communication with a data service
provider 106. A typical data service provider 106 can be a
server computer configured to transmit messages correspond-
ing to identified mobile users. As will be explained in greater
detail below, the data service provider 106 monitors for
incoming data (e.g., electronic mail messages) and pushes the
data to a corresponding mobile operator 104 for transmission
to a selected mobile device 102. The network connection
between the data service provider 106 and the mobile opera-
tors 104 may be via a wireless communication network and/or
a wired communication network. The data service provider
106 1s also 1n communication with a number of electronic
mail interface computing devices 108. The electronic mail
interface computing devices 108 generally correspond to spe-
cially configured computing devices that serve as an interface
between a local network mail repository 110 and the data
service provider 106.

In practice, as updated information, such as a new elec-
tronic mail, 1s received at the network mail repository 110, the
clectronic mail interface computing device 108 obtains a
copy of the mail and forwards a notification to the data service
provider 106. The data service provider 106 processes the
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2

incoming message notifications and identifies the mobile
device 102 that 1s to recerve the mail. The data service pro-

vider 106 then forwards a notification and/or the mail to a

corresponding mobile operator 104, which transmits the
information to the selected mobile device 102.

In this approach, the mobile device 102 recerves notifica-
tions/data as the data 1s recerved by the data service provider
106. Although this approach provides a real-time, or substan-
tially real-time, transmission of data to a mobile device 102,
it requires a number of specialized computing device appli-
cations and/or specialized business relationships. For
example, 1n a typical embodiment, each local network 1s
required to maintain an electronic mail interface computing,
device 108 to forward incoming message notifications to the
data service provider 106. Additionally, the system 100
requires a centralized information collection and distribution
center (e.g., data service provider 106), which typically
charges a service fee to each mobile device user. Further, this
approach requires the data service provider 106 to maintain
appropriate communication interfaces, such as specialized
software, and specialized business relationships, with a num-
ber ol mobile operators to allow the data service provider to
initiate contact with a selected mobile device 102.

FIG. 2 1s a block diagram 1llustrative of an alternate system
200 for facilitating the transmission of electronic mail data to
a mobile device via a cellular communication network. The
system 200 1s generally referred to as a “pull” data model, 1n
which data, such as electronic mail messages, 1s transmitted
to a client, such as a mobile device, inresponse to a request for
new data by the client. Similar to system 100 (FIG. 1), the
system 200 includes a plurality of mobile device clients 202,
that have some form of wireless transmission capability (e.g.,
cellular communication capabilities). Fach of the mobile
devices 202 1s 1n wireless communication with one of several
mobile device operators 204. Alternatively, the mobile device
202 can also establish network communication via a short
range wireless connection, such as defined in the IEEE
802.11 communication standard.

In both embodiments, the wireless communication link
between the mobile device operator 204 and each mobile
device 202 1s not a specialized communication link for trans-
mitting electronic mail messages. Instead, the communica-
tion link 1s a traditional data transmission communication
link with a wide area network 206, such as the Internet. For
example, 1n one common embodiment, a wireless enabled
mobile device 202 can transmit data across the Internet in
accordance with the Transmission Control Protocol (TCP)/
Internet Protocol (IP) protocol. The mobile devices 202 uti-
lize the network connection 206 to interface directly with the
local electronic mail interface computing devices 208.

In practice, the mobile device 202 establishes a communi-
cation link with the electronic mail iterface computing
device 208, typically through a secure data transmission pro-
tocol. The mobile device 202 then transmits a request to
receive any updated information (e.g., new electronic mail)
directly to the electronic mail interface computing device
208. If there 1s new data for the mobile device user, the
clectronic mail interface computing device 208 generates an
appropriate response that instructs the mobile device 102 to
pull the data from the electronic mail iterface computing
device 208. If there 1s not new data, the electronic mail inter-
face computing device 208 generates a negative response to
the requesting mobile device 202. Once the mobile device
request 1s processed, the communication link between the
mobile device 202 and the electronic mail interface comput-
ing device 208 1s terminated.
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By allowing a direct communication channel between the
mobile devices 202 and the electronic mail interface comput-

ing devices 208 over a network connection, the system 200
mitigates the need {for specialized software/computing
devices for each local network and at each mobile operator
204. However, conventional systems using a “pull” data
model can become deficient in that incoming data may not be
delivered contemporaneously as the data 1s received.
Although this deficiency may be reduced by increasing the
frequency in which the mobile devices 204 generate the above
described data change requests, the typical methodology for
establishing a communication link between a mobile device
204 and the electronic mail interface computing device 208
consumes power resources irom the mobile device. For
example, 11 a mobile device 204 does not have a good data
connection to a mobile operator, repetitive requests for new
data would unnecessarily consume the service’s power
resources.

Thus, there 1s a need for a system and method for facilitat-
ing communication between a computing device and a net-
work application that delivers incoming data notifications
contemporancously as the data 1s received while balancing
the mitigation of power resource consumption of the comput-
ing device.

SUMMARY OF THE INVENTION

A system and method for facilitating communications
between a mobile device and a network application are pro-
vided. A mobile device transmits a request for data change
information that includes a time out interval. The network
application receives the request and measures a time elapsed
since the receipt of the data change request. The network
application transmits notification to the mobile device client
that the time out mterval has elapsed or a network specified
time out occurs. As notifications are recetved or a network
time out 1s detected, the mobile client device tunes the time
out interval for subsequent data change requests.

In accordance with an aspect of the present invention, a
method for facilitating communications between a mobile
device and a network application 1s provided. In accordance
with the method, a mobile device transmits a first request for
change of data. The request for change of data includes a first
time out interval for returning a response. The mobile device
determines an event corresponding to the first request for
change of data has occurred and generates a second time out
interval for returning a response based upon the event corre-
sponding to the first request for change of data. The mobile
device generates the second time out 1nterval for returning a
response by adjusting the first time out 1nterval based upon
receipt of a no data change notification or detecting a network
specified time out event. The mobile device then transmits a
second request for change of data that includes the second
time out 1nterval for returning a response.

In accordance with another aspect of the present invention,
a method for facilitating communications between a mobile
device and a network application 1s provided. In accordance
with the method, a mobile device transmits a first request for
change of data that includes a first time out interval for return-
ing a response. The mobile device determines that an event
corresponding to the first request for change of data has
occurred and associates a set of adjustment criteria to the
event corresponding to the first request for change of data.
The mobile device generates a second time out interval for
returning a response by applying a time constant from the set
of adjustment criteria. The mobile device then transmits a
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4

second request for change of data that includes the second
time out interval for returning a response.

In accordance with a further aspect of the present imven-
tion, a computer-readable medium having computer-execut-
able components for facilitating communications between a
mobile device and a network application 1s provided. The
computer-executable components include a communication
component for transmitting data requests for change of data
to the network application and for recerving events corre-
sponding to previous requests for change data. The requests
for change of data include a time out 1nterval for providing a
response. The computer-executable components also include
a processing component for generating time out intervals for
returning a response based upon the event corresponding to
previous requests for change of data. The processing compo-
nent generates the time out intervals for returning a response
by applying a set of adjustment criteria to the events corre-
sponding to previous requests for change of data received by
the communication component.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of this imnvention will become more readily appreciated
as the same become better understood by reference to the
following detailed description, when taken 1n conjunction
with the accompanying drawings, wherein:

FIG. 1 1s a block diagram of a system for facilitating the
transmission of electronic mail data to a mobile device via a
cellular communication network in accordance with a push
data model;

FIG. 2 1s a block diagram of a system for facilitating the
transmission of electronic mail to a mobile device via a cel-
lular communication network 1n accordance with a pull data
model;

FIG. 3A 1s a block diagram of the system of FIG. 2 1llus-
trating the generation of a data change request by a mobile
device including a time out interval 1 accordance with an
aspect of the present invention;

FIG. 3B 1s a block diagram of the system of FIG. 2 1llus-
trating the transmission of a notification of a data change by a
network application in accordance with an aspect of the
present invention;

FIG. 3C 1s a block diagram of the system of FIG. 2 1llus-
trating the transmission of a time out interval expiration noti-
fication by a network application in accordance with an aspect
of the present invention;

FIG. 3D 1s a block diagram of the system of FIG. 2 1llus-
trating the processing of a time out interval expiration by a
mobile device 1n accordance with an aspect of the present
imnvention;

FIG. 4 1s a flow diagram 1illustrative of a data change
request transmission and monitoring routine implemented by
a mobile device client 1n accordance with an aspect of the
present invention;

FIG. 5A 1s flow diagram 1illustrative of time out interval
tuning sub-routine implemented by a mobile device client in
accordance with an aspect of the present invention;

FIG. 5B 1s flow diagram illustrative of successiul request
tuning sub-routine implemented by a mobile device client in
accordance with an aspect of the present invention;

FIG. 5C 1s tlow diagram 1llustrative of an alternative suc-
cessiul request tuning sub-routine implemented by a mobile
device client 1n accordance with an aspect of the present
invention;
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FIG. 5D 1s flow diagram 1illustrative of network time out
tuning sub-routine 1mplemented by a mobile device client in
accordance with an aspect of the present invention; and

FIG. 6 1s a flow diagram 1illustrative of client data change
request processing routine implemented by a network appli-
cation 1n accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Generally described, the present invention relates to a sys-
tem and method for optimizing communication between a
client device and a network application. More specifically, the
present invention 1s directed toward a system and method for
optimizing communication between a mobile device and a
network application via a wireless network. The present
invention will be described with regard to an architecture
incorporating a pull data model 1n which the mobile device
requests data change information 1n the form of electronic
mail messages from a network application. Further, the
present invention will be described with regard to the utiliza-
tion of a time out interval to maintain a communication link
between amobile device and a network application. Although
the present invention will be described with regard to amobile
devices, wireless communication networks, and/or electronic
mail transmissions, one skilled in the relevant art will appre-
ciate that the disclosed embodiments are illustrative 1n nature
and should not be construed as limiting.

In an illustrative embodiment of the present ivention, a
system 1implementing a pull data model, such as system 200
(FIG. 2), may be utilized to facilitate the transmission of
information between a client, such as a mobile device 202,
and a network application, such as an electronic mail inter-
face computing device 208. The mobile device 202 and the
clectronic mail interface computing device 208 transmuit
information via a typical network data connection 206, such
as the Internet. The connection from the network 206 to the
mobile device 202 may be facilitated through a mobile device
operator 204 (e.g., a data connection via a wireless commu-
nication link) or via a direct wireless connection to the net-
work (e.g., a Bluetooth protocol wireless connection).

In accordance with the present invention, a mobile device
1ssues a data change request to the electronic mail interface
computing device 208. The data change request can include a
registration request for new data that has arrived at the elec-
tronic mail interface computer device 208 (e.g., a new email
message) and a time-out interval. The time-out interval speci-
fies a time 1n which the electronic mail interface computing
device 208 1s required to provide a positive or negative
response to the registration request for new data. Unlike tra-
ditional data change requests, the electronic mail interface
computing device 208 does not provide an i1mmediate
response to the data change request 1f no new data 1s available.
Instead, the electronic mail interface computing device 208
maintains a communication link with the mobile device 202
until 1t detects an information change (e.g., the arrival of new
clectronic mail) or the expiration of the time out interval.
Upon occurrence of either event, the electronic mail interface
computing device 208 transmits an appropriate response to
the mobile device 202. In turn, the mobile device 202 can
update the time-out interval according to various network
conditions and sends a subsequent data change request with
the updated time out interval. The ability to update the time
out 1nterval to various network condition transistions facili-
tates power resource consumption maintenance.

With reference now to FIGS. 3A-3D, various embodiments
for processing a client request having a time out interval 1n
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6

accordance with the present invention will be described. With
reference to FIG. 3 A, the process 1s initiated by the generation
of a registration request and time out interval by a client on a
mobile device. In an illustrative embodiment of the present
invention, the registration request can include the registration
of the type of information the client wishes to recerve and
various configuration information, such as notification pret-
erences, client authentication information, and the like. As
will be described 1n greater detail below, the time out interval
may be 1n the form of a fixed time period or as a set of critenia
that allows for the calculation of a time out interval. The time
out interval may be a default period set by the mobile device
client application, the mobile device operator 204 and the
clectronic mail interface computing device 208.

In a typical embodiment, amobile device operator 204 may
maintain a communication network time out interval that waill
result in a dropped communication link 1 no data 1s transmuit-
ted to/from the mobile device 202. The network specified
time-out may depend on various network communication
equipment (e.g., switches, etc.) and can vary along different
parts of the communication network. Further, the network
specified time out may vary depending on a time of day and/or
network load. Oftentimes, the network-specified time out
may not be known to the mobile device 202 or may change.
Accordingly, 1n accordance with an aspect of the present
invention, when the communication link with the network 1s
considered “good,” the mobile device 202 can discover the
most current network specified time out interval by adjusting
the mobile device specified time out interval to reach the
network specified time out interval. In accordance with
another aspect of the present invention, when the communi-
cation link with the network 1s considered “poor,” the mobile
device 202 can attempt to mimmize the time out interval to
more readily address communication failures. The registra-
tion request and time out interval i1s transmitted over the
network 206 and 1s received by the electronic mail interface
computing device 208 or a specialized application on the
clectronic mail interface computing device 208.

Upon processing the registration request, the electronic
mail mterface computing device 208 registers the mobile
device client for receipt of all requested information, as
authorized. As described above, if no new data 1s currently
available for the registered client, the electronic mail interface
computing device 208 does not automatically transmit a
negative response to the mobile device 202. However,
because the data change request remains pending and the
communication link 1s not immediately terminated.

With reference now to FIG. 3B, in one embodiment, the
clectronic mail interface computing device 208 receives a
notification that a data change has occurred that needs to be
passed to the mobile device 202. In an illustrative embodi-
ment of the present invention, the notification can include a
notification from an electronic mail repository, such as an
clectronic mail server/client, that a user corresponding to the
mobile device 202 has received a new electronic mail. The
clectronic mail interface computing device 208 transmits a
notification to the mobile device 202, via the network 206,
that the new data 1s available. In an illustrative embodiment of
the present invention, the notification can include descriptive
information or other criteria that may be used by the user
and/or mobile device to decide whether the data will be
retrieved. If the data 1s to be retrieved, the mobile device 202
transmits a request for data retrieval to the electronic mail
interface computing device 208 1n accordance with tradi-
tional and well-known data protocols, such as the Hypertext
Transter Protocol (“HTTP”), which will not be explained 1n
greater detail. Once the data has been retrieved, the process
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illustrated in FIG. 3A can be repeated by the transmission of
a new data registration request and time out interval by the
mobile device 202.

With reference now to FIG. 3C, 1n another embodiment,
the electronic mail interface computing device 208 continues
to monitor the elapsed period time since the last communica-
tion for each registered mobile device client. If the electronic
mail interface computing device 208 detects that the time out
interval for registered client has expired, i1t transmits a noti-
fication to the mobile device 202 that the time out interval has
expired and no new data notifications have been recerved. By
transmitting the time out 1interval expiration notification, the
clectronic mail interface computing device 208 prevents the
communication link with the mobile device 202 from being
terminated, or dropped, by the mobile device operator 204.

As will be explained in greater detail below, uponreceiptof
the time out interval expiration notification, the mobile device
202 may update the previous time out interval. In an 1llustra-
tive embodiment of the present invention, the mobile device
202 updates the time out interval by measuring or observing
one of a variety ol network conditions. The mobile device 202
then determines whether the time out interval should be
adjusted based upon the measured, or observed, network
conditions and/or a history of previously observed network
conditions. Upon tuming, or adjusting, the time out interval,
the mobile device 202 transmits a new registration request
with the updated time out interval via the network 206. The
clectronic mail interface computing device 208 obtains the
new request and repeats the registration process and time out
clock measurement with the updated time out interval.

With reference now to FIG. 3D, 1n further embodiment, the
mobile device 202 also monitors the time expired since the
transmission ol the previous registration request. If the
mobile device 202 detects the expiration of the time out
interval and it has notreceived a no new data notification from
the electronic mail interface computing device 208, it
assumes that communication link has been unexpectedly ter-
minated (e.g., a network error) or otherwise terminated (e.g.,
a network time out based upon the expiration of a network
time out interval). In one embodiment, the mobile device 202
updates the time out interval and transmits a registration
request with the updated time out interval via the network 206
if the termination 1s based upon a communication network
time out. The electronic mail interface computing device 208
obtains the new request and repeats the registration process
and time out clock measurement with the updated time out
interval. As described above, the mobile device 202 would
also monitor the updated time out interval associated with the
new request. In another embodiment, the mobile device 202
attempts to retry the communication if the termination 1s not
based upon a communication network time out.

With reference to FIG. 4, a flow diagram 1llustrative of a
routine 400 implemented by a mobile device 202 to transmit
and monitor a data change request to an electronic mail inter-
face computing device 208 1n accordance with the present
invention will be described. At block 402, the mobile device
transmits a registration request and time out interval to the
clectronic mail interface computing device 208. In an 1llus-
trative embodiment of the present invention, the registration
request may correspond to a selection of one or more data
types, specific data files, or application programs that the
mobile device may wish to receive updated information from.
For example, a registration may indicate that a user wishes to
receive notification when new electronic mail 1s received or
when a particular document has been updated. The registra-
tion request may also correspond to criteria, such as rules or
keywords, for selecting which data to transmit to the mobile
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device. The registration request can also include credentials,
or other authentication information, that may be needed to
receive updated information.

In accordance with an 1illustrative embodiment of the
present invention, the time out interval immformation may
include the specification of a fixed expiration period or length
of time to be added to a current time of day. Alternatively, the
time out interval mnformation may be specified in terms of
selective criteria that facilitates the generation of a time out
period, or expiration period. At block 404, the mobile device
202 begins a time out clock that measures the time expired
from the transmission of the registration request by mobile
device 202 or the receipt of the registration request by the
clectronic mail interface computing device 208. The time
expired can be measured 1 any one of a variety of manners.

At decision block 406, a test 1s conducted to determine
whether the mobile device 202 has recerved a data change
notification from the electronic mail interface computing
device 208. If the mobile device 202 has recerved the data
notification, at block 408, the mobile device transmits a data
request to the electronic mail interface computing device 208.
In an illustrative embodiment of the present invention, the
data request corresponds to a request for the actual data from
the electronic mail interface computing device 208, such as an
HTTP data request. At block 410, the mobile device 202
obtains the requested data from the electronic mail interface
computing device 208. The routine 400 then proceeds to
block 416 to tune the previously provided time out interval,
which will be explained in greater detail below. Alternatively,
the routine 400 may proceed return to block 402 to transmit a
new data registration request without tuning the time out
interval.

Returning to decision block 406, 11 the mobile device 202
has not recerved a data change notification from the electronic
mail interface computing device 208, at decision block 412, a
test 1s conducted to determine whether the mobile device has
received a time out interval expiration notification ifrom the
clectronic mail interface computing device 208. If a time out
interval expiration notification has been received, the routine
400 proceeds to block 416, which will be explained 1n greater
detail below.

Returning to decision block 412, 11 the mobile device has
not received a time out interval expiration notification from
the electronic mail interface computing device 208, at deci-
sion block 414, a test 1s conducted to determine whether a
network time out error has been detected. As described above,
at block 404, the mobile device measures a time expired since
the transmission of the registration request. If the mobile
device 202 detects that the time out interval has expired, it can
assume that the electronic mail mterface computing device
208 has failed to transmait a time out interval expiration noti-
fication and/or that the communication link with the elec-
tronic mail mnterface computing device 208 has expired. In an
illustrative embodiment of the present invention, the mobile
device 202 can characterize the expiration of the time out
interval as either a network-based time out 1nterval or as a
communication network failure (e.g., dropped called).

If the mobile device 202 determines that the failure to
receive a data change notification and/or time out interval
notification was based on a network time out, the routine 400
then proceeds to block 416 to tune the previously provided
time out interval. Block 416 will be explained 1n greater detail
with regard to sub-routine 500 (FIG. 5). Once the time out
interval has been tuned, the routine 400 returns to block 402,
where the mobile device transmits a new registration request
with the tuned time out interval. Alternatively, 11 the mobile
device 202 determines that the failure to receive a data change
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notification and/or time out interval notification was based
was not based on a network time out, the mobile device 202
enters a retry communication mode 1 which 1t attempts to
reestablish communications with the communication net-
work. The routine 400 can then return to block 402.

With reference now to FIG. 5, an illustrative sub-routine
500 implemented by the mobile device 202 for tuning the
time out interval, corresponding to block 416 (F1G. 4) will be
described. In an illustrative embodiment of the present inven-
tion, the tuning of the time out interval corresponds to a
determination of network commumication strength based
upon an investigation of network communication events (e.g.,
consecutive tuning events). In turn, the time out 1nterval 1s
adjusted 1 accordance with the detected communication
quality. Turning to sub-routine 500, at block 502, the mobile
device 202 obtains the result of the latest communication
request. For purposes of tuning the time out interval, the result
of the latest communication request can include receipt of a
data change notification, receipt of a time out interval expi-
ration notification, or detection of a communication network
time out.

At decision block 504, a test 1s conducted to determine
whether the latest communication result was successiul. In an
illustrative embodiment of the present invention, a successiul
communication result includes receipt of a time out interval
notification from the electronic mail interface computing
device 208. Additionally, the receipt of a data change notifi-
cation may also be considered a successiul communication. If
the communication result was successiul, the sub-routine 500
proceeds to block 506 to tune the time out interval according
to a successiul communication request. Block 506 will be
described 1n greater detail with regard to FIGS. 3B and 5C. If
the communication result was not successiul (e.g., a network
time out was detected), the sub-routine 500 proceeds to block
508 to tune the time out interval according to expiration of the
network time out. Block 508 will be described 1n greater
detail with regard to FI1G. 5D. Upon the completion of either
tuning sub-routine 306, 508, the sub-routine 500 returns at
block 510.

With reference now to FIG. 5B, a sub-routine 520 {for
tuning the time out iterval based upon receipt of a successiul
communication request will be described. In accordance with
an illustrative embodiment of the present invention, the sub-
routine 520 tunes the time out interval by determining
whether specific criteria indicative of good communication
with the network have occurred. One skilled in the relevant art
will appreciate that the criteria applied can attempt to identify
different communication scenarios, such as continued good
coverage, transition from bad coverage to good coverage, or
approaching the network specified time out interval. At deci-
sion block 522, a test 1s conducted to determine whether the
time out interval was incremented during the previous 1tera-
tion of sub-routine 500. If the time out interval was previously
incremented, the sub-routine proceeds to block 528, which
will be described 1in greater detail below. If the time out
interval was not previously incremented in the previous itera-
tion of sub-routine 500, at decision block 524, a test 1s con-
ducted to determine whether the time out interval 1s set at a
minimum. If the time out interval 1s set at a minimum, the
sub-routine proceeds to block 528, which will be described 1n
greater detail below. I the time out interval 1s not at a mini-
mum, at decision block 526, a test 1s conducted to determine
whether the mobile device 202 has completed a series of
successiul communications. In an 1llustrative embodiment of
the present invention, a successiul communication may cor-
respond to the transmission of a registration request and
receipt of a no data change notification. Receipt of a new data
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communication may not necessarily be considered a success-
tul communication. For example, the mobile device 202 may
test for five consecutive no data change notifications. Addi-
tionally, at decision block 526, the mobile device 202 can
utilize additional external criteria, such as a determination of
signal strength on the mobile device. 1T a series of successiul
communication requests has been recerved, the sub-routine
proceeds to block 528, which will be described 1n greater

detail below. Alternatively, the sub-routine 520 returns at
block 530 without incrementing the time out interval.

With continued reference to FIG. 5B, if any of the critenia
corresponding to decision blocks 522, 524, or 526 are satis-
fied, at block 528, the mobile device 202 increments the time
out interval. In an illustrative embodiment of the present
invention, the mobile device 202 increments the time out
interval by a fixed constant. The fixed constant can be selected
that allows for faster growth from the mimimum time out
interval, while attempting to edge closer to the network time
out interval during successive good communication.

With reference now to FIG. 5C, 1n an alternative embodi-
ment of the present invention, sub-routine 540 may be utilized
selectively tune the time out interval, corresponding to block
416 (FIG. 4). In this alternate embodiment, the satisfaction of
cach criterion possibly results 1n the use of a different con-
stant for incrementing the time out interval. At decision block
542, a test 1s conducted to determine whether the time out
interval was incremented during the previous iteration of
sub-routine 500. If the time out interval was previously incre-
mented, at block 546, the mobile device 202 increments the
time out interval with the constant previously utilized during
the previous 1teration of sub-routine 500.

I1 the time out 1nterval was not previously incremented 1n
the previous iteration of sub-routine 500, at decision block
546, a test 1s conducted to determine whether the time out
interval 1s set at a minimum. If the time out interval 1s set at a
minimum, the mobile device 202 increments the time out
interval with a first constant. In an illustrative embodiment of
the present invention, the first constant 1s selected to allow the
time out interval to grow at a faster pace from the minimum
time out interval, which 1s more draining on the mobile
device’s power resources. Additionally, in an alternative
embodiment of the present invention, the first constant may
be selected to automatically allow the time out 1nterval to be
set at the highest historically achieved time out interval. The
historical data may be maintained for each particular device
and/or each particular network.

If the time out interval 1s not at a mimmimum, at decision
block 550, a test 1s conducted to determine whether the
mobile device 202 has completed a series of successiul com-
munications. As described above, a successtul communica-
tion may correspond to the transmission of a registration
request and receipt of a no data change notification. It a series
ol successiul communication requests has been received, the
mobile device 202 increments the time out interval with a
second constant. In an 1llustrative embodiment of the present
invention, the second constant 1s selected to allow the time out
interval to approach the network time out interval without
jumping above the network time out interval to quickly. Simi-
lar to decision block 546, 1n an alternative embodiment, the
second constant may be selected to automatically allow the
time out interval to be set at the highest historically achieved
time out interval after a successiul number of successiul
communication requests. Once the time out interval has been
incremented at either blocks 544, 548, or 522 or it the mobile
device has not detected the series of successiul communica-
tions, the sub-routine 540 returns at block 554.
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With reference now to FIG. 5D, a sub-routine 560 {for
tuning the time out interval according to the expiration of the
network time out, corresponding to block 508 (FIG. SA) will
be described. At decision block 562, a test 1s conducted to
determine whether the time out 1nterval was imcremented 1n
the previous iteration of sub-routine 300. If the time out
interval was not previously incremented, at block 564, the
mobile device 202 sets the time out mterval to a minimum
value. In an illustrative embodiment of the present invention,
the mobile device 202 sets the time out to the minimum to
address a transition to poor cellular coverage. Alternatively, if
the time out interval was previously incremented, at block
566, the mobile device 202 returns the time out interval to its
previous value. In an 1llustrative embodiment of the present
invention, the mobile device 202 returns the time out interval
to the previous value approach the network specified time out
interval. In an alternate embodiment, the mobile device 202
may set the time out interval at block 566 to the highest
historically achieved time out interval. Further, 1f the mobile
device 202 has attempt to go above the highest historically
achieved time out interval multiple times, the time out 1nter-
val may be locked or fixed to the highest historically achieved
time out interval after a series of unsuccessiul attempts. At
block 568, the sub-routine 560 returns.

With reference now to FIG. 6, a routine 600 implemented
by a network application, such as electronic mail interface
computing device 208, for processing a mobile device regis-
tration request will be described. At block 602, the electronic
mail interface computing device 208 obtains the mobile
device registration request that includes a time out interval. At
block 604, the electronic mail interface computing device 208
registers the mobile device 202 for the requested data. In an
illustrative embodiment of the present invention, the registra-
tion can correspond to communication with any approprate
local network components, such as an electronic mail server,
to allow the electronic mail interface computing device 208 to
receive notification of new data. Additionally, the registration
can correspond to the calculation of a time out interval 11 the
registration request included criteria for calculating an appro-
priate time out interval. In the event that the registration
request corresponds to multiple data change requests, the
clectronic mail interface computing device 208 can maintain
a table for tracking criteria for forwarding the mobile client
202 information.

At block 606, the eclectronic mail interface computing
device 208 begins a time out interval clock that measures the
time elapsed since the receipt/processing of the registration
request. In an illustrative embodiment of the present mven-
tion, the time out 1interval clock can correspond to an internal
counting device that measures a time elapsed since the receipt
of the registration request. Alternatively, the time out clock
can correspond to a recordation of a time of day that the
registration request was recerved for comparison with stan-
dard time of day measurements by the electronic mail inter-
tace computing device 208. One skilled 1n the relevant art will
appreciate that any number of additional methodologies may
be utilized to calculate, or otherwise track, a time elapsed
since the receipt/processing of a registration request.

At decision block 608, a test 1s conducted to determine
whether the electronic mail interface computing device 208
has recerved a notification of data change. In an illustrative
embodiment of the present invention, the notification of data
change can correspond to receipt of a new mail notification
from an electronic mail server. Additionally, the notification
of data change can correspond to a notification that a particu-
lar data file has been modified, accessed, etc. If a data change
notification 1s receirved, at block 610, the electronic mail
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interface computing device 208 transmits a data change noti-
fication to the mobile device 202. In an 1llustrative embodi-
ment of the present invention, the data change notification can
include a generic message instructing the mobile device 202
to transmit a data request to the electronic mail interface
computing device 208. Additionally, the data change notifi-
cation can include various meta data or descriptive informa-
tion that allows the mobile device 202 to select whether the
device will transmit a subsequent data request. For example,
the notification can include electronic mail message header
information that allows the user to preview at least a portion
ol the message to determine whether he or she would like the
entire message retrieved. In another example, the notification
can include specific criteria that allow the mobile device 202
to automatically determine whether to request the change
data. At block 612, the routine 600 terminates until the next
registration request 1s recerved by the electronic mail inter-
face computing device 208.

If, at decision block 608, a notification that data has
changed 1s not received, at decision block 614, a test 1s con-
ducted to determine whether a time elapsed since the receipt/
processing of the registration request exceeds the time out
interval. If the time out interval has not been exceeded (e.g.,
expired), the routine 600 returns to decision block 608. If the
time out interval has expired, at block 616, the electronic mail
interface computing device 208 transmits an expired time out
interval notification to the mobile device 202. In an 1llustra-
tive embodiment of the present invention, the expired time out
interval notification corresponds to a message that maintains
the communication link and that will elicit a renewed regis-
tration request by the mobile device 202. Additionally, the
expired time out interval notification can include additional
information, such as network event information or network
characteristic information (e.g., available bandwidth, net-
work quality ratings, etc.) that be utilized to tune subsequent
time out 1intervals. At block 618, the routine 600 terminates.

While illustrative embodiments of the invention have been
illustrated and described, it will be appreciated that various
changes can be made therein without departing from the spirit
and scope of the 1nvention.

The embodiments of the mvention 1n which an exclusive
property or privilege 1s claimed are defined as follows:

1. A method for facilitating communications between a
mobile device and a network application, the method com-
prising;:

transmitting a first request for change of data, wherein the

request includes a registration request for new data that
has arrived at an electronic mail interface, and wherein
the request for change of data includes a first time out
interval for returming a response, wherein the first time-
out 1nterval specifies a time in which the response 1s
required;

determining an event corresponding to the first request for

change of data;

generating a second time out interval for returning a
response based upon the event corresponding to the first
request for change of data, wherein generating the sec-
ond time out interval for returning a response ncludes
adjusting the first time out interval based upon receipt of
a no data change notification or detecting a network
specified time out event; and

transmitting a second request for change of data, wherein
the request for change of data includes the second time
out interval for returning a response.
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2. The method as recited 1n claim 1, wherein adjusting the
first time out interval based upon receipt of a no data change
notification includes adjusting the first time out interval
according to specific critera.

3. The method as recited 1n claim 2, wherein the specific
criteria 1s selected from a group consisting of 11 the first time
out interval was previously increased, the first time out inter-
val corresponds to a minimum time out interval and the
receipt of the no data change notification corresponds to a
series of no data change notifications.

4. The method as recited 1n claim 2, wherein adjusting the
first time out interval includes associating an adjustment con-
stant to each criterion and adjusting the first time out interval
according to which criterion was satisfied.

5. The method as recited 1n claim 1, wherein adjusting the
first time out interval includes adjusting the first time out
interval to a highest known time out interval value.

6. The method as recited in claim 1, wherein adjusting the
first time out interval includes adjusting the first time out
interval to a network minimum 1f a network specified time out
event 1s detected.

7. The method as recited 1n claim 1, wherein adjusting the
first time out interval includes adjusting the first time out
interval to a previous value 1f a network specified time out
event 1s detected.

8. The method as recited 1n claim 1, wherein adjusting the
first time out interval includes adjusting the first time out
interval to a highest known time out interval 1f a network
specified time out event 1s detected.

9. A method for facilitating communications between a
mobile device and a network application, the method com-
prising:

transmitting a first request for change of data, wherein the

first request includes a registration request for new data
that has arrived at an electronic mail interface, and
wherein the request for change of data includes a first
time out interval for returning a response, wherein the
first time out interval specifies a time 1 which the
response 1s required;

determining an event corresponding to the first request for

change of data;

associating a set ol adjustment criteria to the event corre-

sponding to the first request for change of data;

generating a second time out interval for returning a

response, wherein generating the second time out inter-
val for returning a response includes adjusting the first
time out interval by applying a time constant from the set
of adjustment criteria; and

transmitting a second request for change of data, wherein

the request for change of data includes the second time
out interval for returning a response.

10. The method as recited in claim 9, wherein the adjust-
ment criteria 1s selected from a group consisting of whether
the first time out interval was previously increased, whether
the first time out interval corresponds to a minimum time out
interval, whether the receipt of the no data change notification
corresponds to a series of no data change notifications, and
whether a network specified time out 1s detected.

11. The method as recited 1n claim 10, wherein adjusting
the first time out interval by applying a time constant from the
set of adjustment criteria includes adjusting the first time out
interval by a same time constant regardless of which adjust-
ment criterion 1s satisfied.
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12. The method as recited 1n claim 10, wherein adjusting
the first time out interval by applying a time constant from the
set ol adjustment criteria includes adjusting the first time out
interval by a different time constant corresponding to which
adjustment criterion 1s satisfied.

13. The method as recited 1n claim 9, wherein adjusting the
first time out interval by applying a time constant from the set
of adjustment criteria includes adjusting the first time out
interval to a highest known time out interval value 11 a no data
change notification 1s recerved.

14. The method as recited 1n claim 9, wherein adjusting the
first time out interval includes adjusting the first time out
interval to a network minimum 1f a network specified time out
event 1s detected.

15. The method as recited 1n claim 9, wherein adjusting the
first time out 1nterval includes adjusting the first time out
interval to a previous value 1f a network specified time out
event 1s detected.

16. The method as recited 1n claim 1, wherein adjusting the
first time out interval includes adjusting the first time out
interval to a highest known time out interval if a network
specified time out event 1s detected.

17. A computer-readable medium having computer-ex-
ecutable components {for {facilitating communications
between a mobile device and a network application, the com-
puter-executable components comprising:

a communication component for transmitting data requests
for change of data to the network application and for
receiving events corresponding to previous requests for
change data, wherein the requests include a registration
request for new data that has arrived at an electronic mail
interface, and wherein the requests for change of data
include a time out interval for providing a response,
wherein the time out interval specifies a time 1n which
the response 1s required; and

a processing component for generating time out intervals
for returning a response based upon the event corre-
sponding to previous requests for change of data,
wherein the processing component generates the time
out intervals for returning a response by applying a set of
adjustment criteria to the events corresponding to previ-
ous requests for change of data received by the commu-
nication component.

18. The computer-readable components as recited 1n claim
17, wherein the set of adjustment criteria 1s selected from a
group consisting ol whether the first time out interval was
previously increased, whether the first time out 1nterval cor-
responds to a minimum time out 1interval, whether the receipt
ol the no data change notification corresponds to a series ol no
data change notifications, and whether a network specified
time out 1s detected.

19. The computer-readable components as recited in claim
17, wherein the set of adjustment criteria 1s selected from a
group consisting of whether the first time out interval was
previously increased, whether the first time out 1nterval cor-
responds to a minimum time out interval and whether the
receipt of the no data change notification corresponds to a
series ol no data change notifications.

20. The computer-readable components as recited 1n claim
17, wherein the processing component applies a time constant
corresponding to which criterion 1s satisfied.
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